I. Introduction
Insatiable demand for data storage resulted from applications such as big data, social media, virtual reality and internet of things (IOT) requires new storage technologies with simultaneously high capacity as well as high access speed. A varieties of nanotechnologies have been investigated for ultrahigh capacity optical storage applications, such as nanogratings, plasmonics, spintronics and nanomagnons. Almost all nano-phenomona sare simultaneously ultrafast processes, and femtosecond lasers play a crucial role in investigating these nano-prcoesses.
There are basically two categories of femtosecond laser applications for ultrafast optical storage: (1) Micro-nano processing of optical storage structures (2) property modification such as nanograting, phase-changing, photo-florescence, spin and magnetic states. II. Application of Femtosecond lasers for optical storage (1) Micro-nano processing of optical storage structures Femtosecond laser can be used to write 3D waveguide, form nano-structures, drill micro-holes as well as many other high precision micro/nano machinging. These techniques have been used in processing or manufacturing of optical storage devices. Recently, 380TB 5D optical dics has been made with femtosecond lasers in crystals.
(2) Modification of properties of storage material (a) Photo-florescence Femtosecond pulsed lasers are used to record data in micron-sized modified regions in storage material. Upon excitation by the read laser, each modified region emits fluorescence with multi grey levels. It is also possible to create 3D or multi-layered structures to increase capacities.
(b) Spintronics
Femtosecond lasers used for ultra-fast non thermal control of magnetization offer promise for faster processing speeds and increased data storage. Devices may be able to work with processing speeds as fast as THz -thousand times faster than today's GHz clock speeds in commercial computers.
(c) Ultrafast phase change materials (PCM).
The ultrafast optical response of the crystalline and amorphous phases of the phase change material, such as Ge2Sb2Te5 have been demonstrated with GHz speed in nano scale using ultrafast laser pulses. Multi-level recording is also possible by controlling pulse energy.
(d) Plasmonics
In plasmonic data storage, a femtosecond laser pulse is focused to a diffraction-limited spot over a small region of an optical disk containing metallic nano-structures. The digital information stored in each bit-cell modifies the spectrum Xiangdong Cao Wuhan Fiber Technology, Co., Ltd., China xiangdongcao@hongtuotech.com of the femtosecond light pulse, which is subsequently detected in transmission (or reflection) using an optical spectrum analyzer.
(e) Nanomagnons Manipulation of magnetization with ultrashort laser pulses is promising for information storage device applications, such as FePt nanoparticles. The dynamic of the magnetization response depends on the energy transfer from the photons to the spins during the initial laser excitation.
(f) Quantum optical storage Ultrafast transfer of a broadband photonic qubit to ensemble cavities such as a dense rare-earth, diamond defects can be used to protect against decoherence of quantum states. Storage in highly coherent super radiant collective states enables long-lived memories and potential applications for quantum computing. Femtosecond lasers are used to modify or "write" quantum information to these nano cavities.
III.
Requirements and challenges of potential femtosecond laser technologies Femtosecond laser have been used to demonstrate record high capacity as well as ultrahigh speed optical storage applications. A few critical challenges exist for practical applications such as: (1) Compactness Conventional solid state femtosecond lasers are too bulky to be useful, fiber-based and VCSLE semiconductor based femtosecond lasers are promising candidates for applications in nano-scale optical storage devices.
(2) Stability Stability issues associated with femtosecond lasers still remain a challenge. Environmental factors such as temperature, humidity, vibration need to be overcome for designing femtosecond lasers. (3) Data encoding Ability to encode data onto high speed pulse train is also important requirement. Modulation speed higher than GHz is required. Other output parameters such as polarization, power, wavelength, synchronization also plays important role in overall system requirements.
IV. Ultra compact fiber based femtosecond laser technologies Advances in modern telecom technologies have paved the way for many engineering challenges for developing compact fiber based femtosecond laser with integrated capability of modulation, synchronization, amplification, reliability as well as mature packaging. Some preliminary results regarding compactness, stability, high repetition rate, synchronization will be presented.
And finally, future outlook for photonic integrated femtosecond laser will be discussed. Comparison to alternative technologies such as ultrafast semiconductor lasers will be discussed.
